Background: Associations between dietary factors and glucose tolerance observed in Caucasian populations may not be applicable to Chinese populations, since the traditional Chinese diet contains plentiful vegetables and is rice-based (which has a lower glycemic index than potatoes). To address this question, the dietary patterns in 988 Hong Kong Chinese subjects with normal and impaired glucose tolerance, and diabetes, were examined in a cross sectional survey to determine if there is any association between diet and glucose tolerance. Method: A stratified random population sample of 988 subjects (488 male, 500 female) was recruited. A food frequency questionnaire was used to determine dietary intake, and glucose tolerance was examined using the glucose tolerance test and the WHO criteria used to classify subjects into the three glucose tolerance categories. Results: Using the standardized world population of Segi, the prevalence rate for DM was 6.6% for men and 5.7% for women; and for IGT 10.3% for men and 15.4% for women aged 30 -64 y. Abnormal glucose tolerance is associated with female gender, older age, lower educational attainment and higher body mass index (BMI). No clear pattern of association with dietary factors was observed after adjusting for confounding factors. However, if subjects with BMI ! 25 kg=m 2 were excluded, an increase in mean consumption of rice=noodles=pasta per week was observed in the DM group, after adjusting for total energy intake and other confounding factors. No association between dietary variety, which has been linked with body fatness, and glucose tolerance, was observed. Conclusion: Dietary habit may not be a strong risk factor for the development of glucose intolerance in Chinese populations, given the favorable features of the Chinese diet. The high consumption of rice in the DM subjects who are of normal BMI suggests that further studies examining glycemic indices of Chinese food items may be beneficial. Obesity still remains the most important predisposing factor.
Introduction
Globally, the prevalence of diabetes mellitus and impaired glucose tolerance and the health consequences may be considered a public health problem (King & Rewers, 1993) . In particular, among Hong Kong Chinese, the prevalence appears to be rising (Cockram et al, 1993; Janus et al, 2000) , the latest figures for 1995 for men and women being 2.0 and 1.4% for those aged 25 -34 to 21.7 and 29.3% at age 65 -74 y. Dietary factors have been shown to contribute to the development of glucose intolerance. Thus foods with high glycemic index (Jenkins et al, 1988; Salmeron et al, 1997) , low dietary fibre (Salmeron et al, 1997; Munoz et al, 1979) , carbohydrate-rich foods, excessive energy intake (Feskens et al, 1991) , and high fat intake (particularly saturated fats; Feskens et al, 1995) may predispose to glucose intolerance. On the other hand, high intakes of fish, potato, vegetable, legume and vitamin C are inversely associated with the development of diabetes mellitus (Feskens et al, 1995; Williams et al, 1999) . The traditional Chinese diet, with low fat content, plentiful vegetables (Woo et al, 2001) and rice based (which has a lower glycemic index than potatoes; Foster-Powell & Miller, 1995) , would be expected to reduce the likelihood of development of glucose intolerance.
However, it is possible that Westernization of the diet of the Hong Kong Chinese population may have contributed to the rising prevalence of diabetes mellitus. Dietary patterns associated with the development of obesity, such as the consumption of high glycemic index foods (Roberts, 2000) , and snacks have also been described (McCrory et al, 1999) . Such patterns may in turn be associated with the development of glucose intolerance. In a cross sectional survey of 988 Chinese subjects in Hong Kong, the dietary patterns for subjects with normal and impaired glucose tolerance, and diabetic subjects were compared, to identify any associations between diet and glucose intolerance=diabetes mellitus.
Subjects and method
The Hong Kong Dietary Survey was conducted from October 1995 -May 1996 as part of a territory wide cardiovascular risk factor study in ethnic Chinese. A detailed description of the sample for the territory-wide cardiovascular risk factor study has been published elsewhere (Janus et al, 2000) . Subjects were contacted by a random telephone survey, and invited to a hospital-based centre for physical examination and blood tests. Dietary assessment was carried out consecutively on those who attended until more than 100 subjects in each 10 y age and sex groups from 34 to ! 55 y were recruited. The response rate for telephone interview was approximately 80%, and of those approximately 40% attended for blood tests and anthropometric measurements. The attendees closely matched the overall Hong Kong population, since there was no difference in age distribution or socio-economic characteristics between subjects attending for laboratory tests, those who participated in the telephone interview, and the population as a whole as described in the 1996 Hong Kong by-census. The age distribution was also similar between the three geographical regions of Hong Kong. No significant differences in physical or laboratory parameters were noted between subjects from the three geographical regions (Hong Kong Island, Kowloon and New Territories) and between those who received the dietary assessment and those who did not. The overall cardiovascular risk factor study included 2900 attendees aged 25 -74 y, of whom 1010 underwent dietary assessment. The mean age of the latter sample was 45.6 y (s.d. 11.7), range 24 -74 y. Twenty-two subjects with a known history of diabetes mellitus were excluded from the dietary analysis, although they were included for the calculation of diabetes prevalence, leaving a total of 988 subjects. Information regarding educational level, level of physical activity, medical history and use of medication was also obtained from all subjects. Physical activity level was classified into four categories based on the number of episodes of exercise over 30 min within the past month: sedentary (none), light (1 -7), moderate (8 -15), and vigorous (>15). Information regarding educational level and marital status was also obtained. For analysis, those who were divorced, separated or widowed were classified as being single.
Dietary assessment was carried out using a food frequency questionnaire, the validity of which had been examined elsewhere (Woo et al, 1997) . This consisted of items in the following seven categories: bread=pasta=rice (16 items); vegetables (63 items); fruit (26 items); meat (39 items)=fish (31 items)=egg (5 items); beverages (37 items); dimsum=snacks (39 items); soups (10 items); and oil=salt=sauces. Wherever possible, subjects were told prior to the visit that a survey on a week's diet would be carried out and were advised to make a brief record at home to help the interview. On the day of the interview, each subject was asked to complete the questionnaire with: the food item, the size of each portion, the frequency of consumption on a daily and weekly basis. Portion size was explained to subjects using a catalog of pictures of individual food portions. The amount of cooking oil was estimated according to the method of preparing different foods: 0.2 tablespoon for steaming fish or stirfrying half a portion of vegetables, and one tablespoon for stir frying one portion of vegetables or one portion of meat. The type of oil used was also documented to allow estimation of the quantity of fat used in cooking. Quantitation of nutrients was carried out using food tables for Hong Kong compiled from McCance and Widdowson (Holland et al, 1992) and two food tables used in China published by Zhongshan University (1991) (Tsang & Yung, 1991) and the Institute of Health of the Chinese Medical Science Institute (Institute of Health, 1992) .
Height was measured to the nearest 0.5 cm and weight to the nearest 0.1 kg (DETECTO instrument, Webb City, MO, USA), without shoes and in light clothing. Participants fasted for 12 h before attending the survey centre. After a venous sample of blood was taken for the measurement of fasting glucose concentration, 75 g of anhydrous glucose was dissolved in 200 ml of distilled water and drunk over 2 -3 min. They remained seated in the Centre, and after 2 h, a further sample was taken for glucose estimation. Two milliliter specimens were dispensed into fluoride oxalate tubes, and glucose concentration determined on the same day using the Hitachi 747 analyzer with the Boehringer Mannhein Hexokinase method. The interassay coefficient of variation was 1.8% at 4.4 mmol=l. The World Health Organization Study Group (1985) criteria for diabetes and IGT were used to classify subjects into glucose tolerance groups. Diabetes mellitus was diagnosed if the fasting glucose was ! 7.0 mmol=l and or 2 h post glucose load was ! 11.1 mmol=l. Impaired glucose tolerance was diagnosed if the fasting glucose was < 7.0 mmol=l and 2 h post glucose load was ! 7.8 and <11.1 mmol=l.
The consumption of certain food groups was examined in different glucose tolerance groups, to determine if there was any significant difference in pattern. The choice of these food groups was based on existing literature which showed that they may have a role in the development of diabetes. In addition, we examined dietary variety within food groups, since a high variety of sweets, snacks and carbohydrates coupled with a low variety of vegetables appear to promote long-term increases in energy intake and body fatness Diet and glucose tolerance J Woo et al (McCrory et al, 1999) , and perhaps impaired glucose tolerance. In this population, variety of snacks was positively correlated with obesity indices, while variety of grains, meat, fruit and vegetables was negatively correlated with these indices (Sea et al, unpublished data) . Therefore dietary variety was represented by the variety ratio relevant to this population, calculated as the different types of snacks consumed divided by the sum of the varieties of grains, meats, fruit and vegetables. Intake was calculated for one week, and also standardized to 1000 kcal per week for all glucose tolerance groups to enable comparison. Comparison of mean food consumption between groups was made using the oneway ANOVA test, and also ANCOVA adjusting for all confounding variables.
Results
To enable comparison with other studies, the prevalence rate of diabetes and impaired glucose tolerance was standardized to the world population of Segi using the truncated standard age range as recommended by King and Rewers (1993) . The rate for DM was 6.6% for men and 5.7% for women, and for IGT 10.3% for men and 15.4% for women, aged 30 -64 y.
Being female, of an older age, having lower educational attainment and higher body mass index, is associated with abnormal glucose tolerance (Tables 1 and 2 ). The total energy consumption did not differ between the glucose tolerance groups, and as BMI increased with glucose intolerance even after adjusting for age and sex, the energy=BMI unit decreased with glucose intolerance. The energy intake by age and gender in the different glucose tolerance groups is shown in Tables 1 and 2 . Energy intake was significantly higher in the IGT group among men aged 45 -54 y. Energy intake in the normal glucose tolerance group was lower with increasing age in both men and women. The numbers for the DM and IGT groups when separated into men and women were small. Mean consumption of rice=noodles=pasta, vegetables, legumes and fruit per week did not differ significantly across the three glucose tolerance groups. However, when intake was standardized to 1000 kcal of energy, mean vegetable and legume (soy products) consumption per week, and food variety ratio, increased with glucose intolerance (Table 3 ). After adjusting for other confounding factors, among food groups, only legume (soy products), consumption remained significantly different, and was highest among subjects with diabetes. There was no significant difference in consumption of rice=noodles= pasta or fruits between groups. The consumption of mono-and poly-unsaturated fatty acids was lower in the DM group. If subjects with a BMI ! 25 kg=m 2 were excluded, a higher mean consumption of rice=noodles=pasta per week was observed in the DM group, after adjusting for total energy intake and other confounding factors (Table 4 ). All types of fatty acid consumption were lower in the DM group after adjusting for age, gender, and other confounding factors. When dietary intake was analyzed in terms of frequency of consumption of food groups per week, no difference in pattern was observed between the three groups (Table 5) . Table 1 Baseline characteristic of the subjects by glucose tolerance groups Diet and glucose tolerance J Woo et al
Discussion
The prevalence of abnormal glucose tolerance in any population is of public health concern, since diabetes may increase disability burden and health care utilization. Increasingly, evidence is available to support the hypothesis that the majority of cases of type 2 diabetes could be prevented by modifiable lifestyle factors (Hu et al, 2001) , such as dietary habit and physical activity. In this 16 y follow-up of 84 941 women without cardiovascular disease, diabetes and cancer at baseline, a poor diet was identified as one of the risk factors for development of diabetes mellitus, together with lack of exercise, smoking, abstinence from alcohol, and body mass index, the latter being the strongest risk factor. A low-risk diet was defined as a diet low in trans fat, glycemic load, high in cereal fiber and polyunsaturated to saturated fat ratio. This latest study adds to the body of literature linking the role of diet as a risk factor for the development of diabetes (Jenkins et al, 1988; Salmeron et al, 1997; Munoz et al, 1979; Feskens et al, 1991 Feskens et al, , 1995 Williams et al, 1999) .
A study in the UK reported that frequent self-reported pasta and rice consumption was associated with a reduced risk of IGT and NIDDM (Williams et al, 1999) . Rice is a staple food in Chinese populations. The Chinese diet also consists of low saturated fat content, abundant fruit and vegetables (Woo et al, 2001) . Therefore dietary factors may not be expected to play any role in the development of NIDDM. However, there is a variation in dietary pattern of Chinese populations in different geographical regions, reflecting different degrees of acculturation to western dietary habits (Woo et al, 2001) . For example, the extent of snack consumption as estimated by the food variety ratio has been shown to be related to obesity, which would increase the risk of NIDDM (McCrory et al, 1999) . Snack consumption has been shown to be high among Hong Kong Chinese school children (Lee et al, 1994) . Although the typical Chinese diet has many favorable health features, the glycemic index of many Chinese food items have not been measured, with the exception of some varieties of rice (Foster-Powell & Miller, 1995) . The glycemic index of rice varies widely from 50 to 94 (glucose ¼ 100) or 71 to 132 (bread ¼ 100), depending on the manufacturer and method of preparation. The glycemic index of common types of rice used and prepared in the majority of households=restaurants in Hong Kong is unknown. Glycemic index of foods is important since high glycemic index foods may promote overeating and hence obesity (Roberts, 2000) , and also stimulate de novo lipogenesis increasing the size of adipocytes (Morris & Zemel, 1999) . Therefore it would be of interest to examine dietary factors and glucose tolerance in this Chinese population, since results from surveys in Western population may not be applicable.
The age-adjusted prevalence of DM standardized to the world population (King & Rewers, 1993 ) is comparable to Chinese in Singapore (King & Rewers, 1993) , however, the prevalence of IGT is 10-fold higher. These figures are higher than those in the UK, DM and IGT prevalence in Hong Kong being 100 and 30% higher, respectively. In the UK study (Williams et al, 1999) , frequent rice=pasta consumption was associated with a lower risk of glucose intolerance. However, our study showed the opposite finding among subjects with a BMI < 25 kg=m 2 . This difference may be explained by the different proportions of rice and pasta consumed, since these two of categories have been grouped together and their glycemic indices are different, or that in the UK, rice and pasta consumption is a surrogate of Diet and glucose tolerance J Woo et al healthier lifestyle behavior. Moreover, if rice=pasta consumption is truly important in reducing the risk of glucose intolerance, one would not expect the prevalence of DM=IGT to be higher in this population which consumes rice predominantly as staple food. The association between the increased intake of rice=noodles=pasta with abnormal glucose tolerance and the lack of frequency of consumption of this category suggests that it was the intake per meal that was increased among the abnormal glucose tolerance groups. Since these foods are consumed usually with other foods (meat etc), it is possible that the finding was a surrogate for the increased intake of other foods. However, intakes of meat, fish, and eggs were not different between the three groups.
We did not find any significant difference in fruit or vegetable consumption between the glucose tolerance groups, unlike the UK survey. For the whole population, the finding of increased consumption of legumes consisting of processed products (soy bean products) in the glucose intolerance groups but not unprocessed legumes is not surprising, since the latter in general have low glycemic indices, although there is no data for local legumes. This association was not observed after excluding overweight subjects with BMI ! 25 kg=m 2 . It is possible that overall the population consumption of fruit and vegetables is higher than in the UK, so that differences between glucose tolerance groups are not apparent. Since vegetables and fruit in general have low glycemic indices, one would not expect a marked history of DM (yes vs no), BMI, educational level (post secondary, secondary, primary and lower), and level of physical activity (sedentary, light, moderate, heavy). a Rice=noodles=pasta includes: cooked rice, soft rice, congee, wheat noodle, instant noodle, flattened rice noodle, macaroni and spaghetti. b Vegetables includes: chinese flowering cabbage, chinese white cabbage, chinese kale, broccoli, lettuce, chinese spinach, chinese chives, cabbage, chinese cabbage, watercress, water spinach, asparagus, celery cabbage, spinach, cauliflower and pea shoot. c Legumes includes: soybean and soybean products, sprout mungbean, soybean sprout, soybean in tomato sauce, red bean, brow bean, snap bean, snow pea, peas, broad bean and string bean. Legumes -soy includes: soybean and soybean products, soybean, sprout, soybean in tomato sauce. Legumes -others includes: sprout mungbean, red bean, brow bean, snap bean, snow pea, peas, broad bean and string bean. d Fruit includes: orange, grapefruit, apple, pear, banana, strawberry, honeydew melon, watermelon, peach, prune, mango, apricot, grapes, papaya, lychee, logan, pineapple, fruit cocktail, lemon, pommel, cherry, persimmon, kiwifruit, dried apricot, dried raisins and dried date. e Variety ratio ¼ snack=(grain þ fruit þ meat þ vegetables).
*P < 0.05 from multiple range test, compared with unknown DM group. { P < 0.05 from multiple range test, compared with IGT group.
Diet and glucose tolerance J Woo et al difference. Again, the association observed in the UK study may possibly be a marker of a healthy lifestyle among higher socioeconomic groups. Increasing variety of snack consumption would be reflected in a low food variety ratio, and if this factor were important in predisposing to glucose intolerance, the mean values may be lower in the IGT and DM groups. This was not observed, suggesting that dietary variety was not a risk factor. The association between glucose intolerance and age, gender, BMI, and education have been documented in other studies (Williams et al, 1999; Woo et al, 1999) , and may in part be mediated by age and gender differences in dietary habits and levels of physical activity. Total energy consumption was not associated with glucose intolerance.
In this study, many confounding factors need to be taken into account. Since subjects with known diabetes may have altered their dietary habits, they were excluded from the dietary analysis. The results also needed to be adjusted for age, gender, BMI, education (also an indirect indicator of socioeconomic status), physical activity and family history of diabetes, since all these factors affect glucose tolerance. However, the measure of physical activity level was very approximate. Similarly the measurement of dietary intake is an approximate one, of a different magnitude of accuracy compared with the measurement of BMI and glucose tolerance. In general, it is known that a food frequency questionnaire has a poor sensitivity and specificity to characterize habitual nutrient intake at an individual level. , P-value were obtained from ANCOVA test, adjusting for age, gender (female vs male), family history of DM (yes vs no), BMI, educational level (post secondary, secondary, primary and lower), and level of physical activity (sedentary, light, moderate, heavy). a Rice=noodles=pasta includes: cooked rice, soft rice, congee, wheat noodle, instant noodle, flattened rice noodle, macaroni and spaghetti. b Vegetables includes: chinese flowering cabbage, chinese white cabbage, chinese kale, broccoli, lettuce, chinese spinach, chinese chives, cabbage, chinese cabbage, watercress, water spinach, asparagus, celery cabbage, spinach, cauliflower and pea shoot. c Legumes includes: soybean and soybean products, sprout mungbean, soybean sprout, soybean in tomato sauce, red bean, brow bean, snap bean, snow pea, peas, broad bean and string bean. Legumes -soy includes: soybean and soybean products, soybean, sprout, soybean in tomato sauce. Legumes -others includes: sprout mungbean, red bean, brow bean, snap bean, snow pea, peas, broad bean and string bean. d Fruit includes: orange, grapefruit, apple, pear, banana, strawberry, honeydew melon, watermelon, peach, prune, mango, apricot, grapes, papaya, lychee, logan, pineapple, fruit cocktail, lemon, pommel, cherry, persimmon, kiwifruit, dried apricot, dried raisins and dried date. e Variety ratio ¼ snack=(grain þ fruit þ meat þ vegetables). *P < 0.05 from multiple range test, comparing with unknown DM group. { P < 0.05 from multiple range test, comparing with IGT group.
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Moreover dietary habit was measured only once and correlated with a single measurement of glucose tolerance, so that observations regarding associations between the two measures may be inaccurate. There may also be underreporting of total energy intake by obese subjects, but apart from adjusting for BMI in the analysis of the results, we also analyzed subjects with BMI <25 kg=m 2 separately. The crosssectional nature of this study and the small number of subjects with DM and IGT do not allow cause and effect to be established, since this can only be addressed by a large scale longitudinal survey. Moreover, there may be cohort effects in dietary habits. Finally, dietary habit is likely to be a surrogate of other lifestyle factors, and although an attempt has been made to adjust for these, some may not have been identified.
Although only 40% of subjects who responded to the telephone interview attended for glucose tolerance tests, all these subjects had the dietary assessment. It is possible that a bias to the estimation of the prevalence of diabetes may be introduced. However, the attendees closely matched the overall Hong Kong population in terms of age distribution or socio-economic characteristics as described in the Hong Kong Census.
Inspite of these shortcomings, the findings of this survey suggest that dietary habit may not be a strong risk factor for the development of glucose intolerance in Chinese populations, given the favorable features of the traditional Chinese diet. However, the higher consumption of rice in the DM subjects who are of normal BMI suggests that further studies examining glycemic indices of Chinese food items may be beneficial, and that future public health recommendations regarding nutrition and health should take this into account. It would appear that obesity (probably from lack of physical activity) still remain the most important predisposing factor. Diet and glucose tolerance J Woo et al
